Biodiversity is being threatened by human activities worldwide. Inside protected areas, anthropogenic activities are mostly under control. However, outside protected areas, threatened or endangered species still need protection, and identification of a species' habitat requirements is essential for conservation planning. We gathered information on habitat characteristics of and anthropogenic threats to the Chinese pangolin (Manis pentadactyla), a critically endangered species for which such baseline data are scarce. We found closed-canopy forest nearest water sources at an altitude from 555 to 1,740 m to be suitable habitat for Chinese pangolins. Forest fires, livestock grazing, distance to nearest footpath, and distance to nearest household were negatively associated with presence of Chinese pangolins. To protect the Chinese pangolin outside of the reserve system, we recommend public awareness programs and campaigns to protect habitat in addition to directly protecting this species against hunting and trading.
Biodiversity degradation is widespread across the globe (Myers 1988; Matson et al. 1997; Tilman et al. 2001; Gibson et al. 2011; Abood et al. 2015) , with the main drivers being human activities such as logging and fire (Nepstad et al. 1999) , deforestation and habitat fragmentation (Jha and Bawa 2006) , agricultural expansion (Laurance et al. 2014) , and hunting (Wolfe et al. 2005) . Inside protected areas, anthropogenic activities are mostly controlled (Bruner et al. 2001; Liu et al. 2001; Naughton-Treves et al. 2005) ; however, approximately 86% of the earth's land is outside of protected areas (Deguignet et al. 2014) . For the development of effective conservation strategies, it is crucial to identify the spatial location, suitable habitat, and potential distribution of species needing protection (Johnson et al. 2004) , as well as to understand the anthropogenic influences that threaten their survival (Sutherland et al. 2009 ).
Pangolins are widely distributed in Afrotropical and Indomalayan regions (Corbet and Hill 1992; Gaubert and Antunes 2005) . Two out of 8 pangolin species, the Chinese pangolin (Manis pentadactyla) and Indian pangolin (M. crassicaudata) , are distributed below 2,000 m elevation in Nepal (Baral and Shah 2008; Jnawali et al. 2011) . Besides Nepal, the Chinese pangolin also occurs in Bangladesh, Bhutan, China, Hong Kong SAR, India, Myanmar, Lao PDR, Taiwan, Thailand, and Vietnam (Srinivasulu and Srinivasulu 2004; Challender et al. 2014a) . The IUCN Red List of Threatened Species categorizes the Chinese pangolin as critically endangered (Challender et al. 2014b) .
The Chinese pangolin is an ecologically unique species that has a specialized diet primarily comprised of ants and termites (Challender et al. 2014a ). This species is solitary and primarily nocturnal, and little is known about its reproductive behavior in the wild. They reach sexual maturity at 2 years (Macdonald 2006) ; the gestation period has been estimated at 24 weeks (Yang et al. 2007 ) and parental care lasts for 3 to 6 months in captivity (Challender 2008) .
Pangolins are often used as bush meat by local people (Newton et al. 2008; Zhang et al. 2017) . In Asia, pangolin meat is considered a delicacy and their scales are believed to have curative medicinal properties (Mohapatra et al. 2015) . As a result, poaching of pangolins is frequent and seemingly increasing throughout their range countries (Corlett 2007; Newton et al. 2008; Challender et al. 2014a Challender et al. , 2014b Mohapatra et al. 2015) . International trafficking is a leading threat to this species ) and the population is declining due to hunting, and habitat alteration and loss (Wu et al. 2004; Newton et al. 2008) . Much of the existing information on this species is about poaching threats (Newton et al. 2008; Challender et al. 2014a Challender et al. , 2014b Katuwal et al. 2015) , whereas little is known about habitat use and anthropogenic impacts on the distribution of the Chinese pangolin in Nepal (Jnawali et al. 2011) .
To our knowledge, other pangolin species such as the Sunda pangolin (M. javanica) and Temminck's ground pangolin (Smutsia temminckii) prefer natural habitat having low human impacts (Richer et al. 1997; Lim and Ng 2008) . However, the habitat preferences of the Chinese pangolin are little known (Gurung 1996; Kaspal 2008; Suwal 2011; Thapa et al. 2014) . Similarly, very little is known about the poaching and trade in Chinese pangolins in Nepal (Jnawali et al. 2011; Katuwal et al. 2015) . In addition, anthropogenic activities such as fire, livestock grazing, and the conversion of land for agriculture may negatively affect the Chinese pangolin's habitats and their ability to persist. The aim of this study is to identify habitat preferences and existing anthropogenic threats to Chinese pangolins outside of the protected areas in Nepal to add more information for developing a conservation action plan. Our working hypothesis is that the Chinese pangolin is similar to other Asian pangolin species in being negatively impacted by human activities. Therefore, we predicted that Chinese pangolins in Nepal will select habitat with reduced human impacts.
Materials and Methods
Study area and data management.-The study area comprises 2 districts (Administrative Units) in Nepal, namely Dhankuta (26°59′N, 87°21′E) and Ilam (26°55′N, 87°55′E; Fig. 1 Acharya et al. 2011; Nirola and Jha 2011) . Brahmin, Chettri, Rai, Limbu, and Tamang are the major ethnic groups and most of them depend on agriculture and livestock such as cattle, buffalo, and sheep for their livelihood in both the districts.
We collected data between March and May 2014 from each selected VDC. In the field, we used footpaths as reference lines. We established 100 × 100 m plots perpendicularly on either side of the footpath at intervals of ca. 200 m horizontally. The number of plots perpendicular to the footpath depended on the physiographic condition of the study area and generally ranged from 1 to 5; the distance between the centers of neighboring plots also varied but was not less than 80 m. We excluded steep 
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1669 slopes (> 30°) and also plantations and active agricultural land but included agricultural land that had not been planted for many years and that was covered with shrubs and trees. The footpaths are small (width ≤ 1 m) and pass through the forest, agricultural land, and human settlements. In each plot, we noted habitat type as either forest or agricultural land. We estimated tree and shrub canopy by direct observation at the center of each plot, defining the forest canopy as open if the ground was > 75% exposed to sunlight and closed otherwise. In addition, we collected data for anthropogenic impacts such as fire and livestock grazing in each plot. We recorded presence or absence of recent but inactive forest fire based on charcoal, burned trees, shrubs, and herbs in each plot. We did not notice active forest fire during the study period. Similarly, we recorded livestock grazing based on the presence of livestock, dung, hoof signs, and trampling from livestock. Furthermore, we measured the distance to the nearest water source, distance to nearest footpath, and distance to nearest household from the center of each plot. Footpaths and settlements may provide access for poaching. We recorded coordinates of each plot using a handheld Garmin GPS Etrex 10 global positioning system (Garmin Ltd., Olathe, Kansas). When we found burrows, we confirmed that these belonged to Chinese pangolins based on their pugmarks and scratches. During this study, we were unable to find any live Chinese pangolins and counted only newly dug holes as an indicator of Chinese pangolin presence.
Analysis.-We used a chi-squared test and Kruskal-Wallis test to determine the differences in Chinese pangolin occurrence between forest and agricultural land for binary and numeric data, respectively. We used logistic regression to determine the association between Chinese pangolin presence and variable characteristics in the study area. Seven variables including habitat, forest canopy density, fire, livestock grazing, distance to the nearest water source, distance to nearest footpath, and distance to nearest household were tested for correlation with pangolin presence. Mean values for variables are presented ± SD (X ± SD). All statistics were performed in R (R Core Team 2012).
results
Habitat use.-A total of 168 plots were established in the study area. One hundred plots were located in agricultural land and 68 were located in forested land. Plots were established at elevations ranging from 555 to 1,740 m above sea level (X = 1,097 ± 168.5 m above sea level). Chinese pangolin presence was recorded in 85 (51%) of the plots. Proportionately more records of Chinese pangolin presence came from forest (62%, n = 42 of 68 plots in forest) than agricultural land (43%, n = 43 of 100 plots in agricultural land; χ 2 1 = 4.98, P = 0.026). Eightynine percent (n = 76) of the plots where pangolins occurrences were found were in closed-canopy areas but their preferences were not significantly different between closed-canopy forest and agricultural land (χ 2 1 = 1.864, P = 0.172; 55% [n = 42] of pangolin presence plots were located in forest and 45% [n = 34] in agricultural land). The distance between plots and the nearest water source ranged from 5 to 540 m (X = 125.7 ± 105.1 m). The distance to the nearest water source and pangolin presence plots was not significantly different between agricultural land (X = 140.5 ± 124.6 m) and forest (X = 102.7 ± 61.1 m; Kruskal-Wallis test = 1.05, d.f. = 1, P = 0.22). In agricultural land, all plots where Chinese pangolins occurred were within 200 m of a water source, whereas in the forest 93% (n = 39) of plots where pangolins were present were within 200 m of a water source (Fig. 2) .
Anthropogenic activities.-In the study area, we measured anthropogenic threats such as forest fire, grazing, footpaths, and human settlements as potential anthropogenic threats to Chinese pangolins. During this study, forest fire (χ 2 1 = 7.5, P = 0.006) and livestock grazing (χ 2 1 = 3.98, P = 0.046) were negatively associated with presence of pangolins ( Table 1 ). The distance between plots and the nearest footpath ranged from 1 to 540 m (X = 41 ± 85 m). Almost all plots where Chinese pangolins were present were within 100 m of footpaths in both agricultural land and forests (Table 1 for plots where pangolins were present (Kruskal-Wallis test = 10.96, d.f. = 1, P = 0.001), with most of these plots being within 400 m of a household in both agricultural land and forest (Table  1 ; Fig. 4) .
discussion
We documented current pangolin habitats in eastern Nepal and found that most of the recorded occurrences were in forest. The reason may be due to high termite species abundance and richness (Okwakol 2000) , which may favor pangolin occurrence (Swart et al. 1999 ). In the study area, the agricultural land is fallow and has trees, shrubs, fallen logs, and leaf litter (H. B. Katuwal, pers. obs.), which provide favorable habitats for termites and ants and therefore pangolins may potentially use agricultural land as a 2nd option (Richer et al. 1997 ). However, land conversion for agriculture is increasing (Zomer et al. 2001) , which may decrease the prey availability for Chinese pangolins due to excessive use of insecticides (Evans et al. 2011) . Our results suggest that natural forest is the preferred habitat for Chinese pangolins, as has been found in previous studies (see Gurung 1996; Bhandari and Chalise 2014) ; however, forest habitat alone did not influence the occurrence of pangolins. The forest canopy and water sources within a habitat also played a positive role in determining Chinese pangolin occurrence. Closed-canopy forest favors high abundance of prey species and protects the soil from excessive erosion.
In our study, livestock grazing had a negative effect on presence of Chinese pangolins. Pangolins have been observed to leave their burrows following frequent livestock and human activity (S. L. Magar, Laxmipur VDC, Ilam, pers. comm.). Overgrazing by livestock changes the microclimatic structure of the forest understory (Belsky et al. 1993; Yong-Zhong et al. 2005) by reducing the soil moisture content of the ground surface and understory vegetation, and results in the ground being Sharma et al. 2014 ). Forest fire also was found to be negatively related to presence of Chinese pangolins. Litter and fallen logs provide favored habitat for ants and termites; however, frequent fire destroys this habitat. Richer et al. (1997) stated that areas having shrubs, fallen logs, and leaf litter are suitable for Temminck's ground pangolin. If an area frequently experiences fire, the availability of leaf litter and decayed fallen logs may decrease, leading to a loss of ant and termite species.
The construction of the many footpaths in the study area is due to agricultural practices, daily movements of people from one village to another, and livestock grazing. The Chinese pangolin was detected more often close to footpaths and roads, potentially increasing their risk of exposure to humans and any negative consequences of human activity, including hunting and poaching. The Chinese pangolin's habitat in the study area also is decreasing due to human encroachment. Chinese pangolins were detected more often very close to human settlements, which suggests that anthropogenic activities may play a major role in their survival. Hunters often capture pangolins near their burrows (Zhang et al. 2017) ; therefore, proximity to human settlements is likely to be detrimental to Chinese pangolins unless people are aware of its conservation status. In addition, local people typically have guard dogs that may kill Chinese pangolins. In fact, guard dogs are sometimes used to kill Chinese pangolins in Vietnam (Newton et al. 2008) . Poverty, especially in rural areas, is high and government support for public education and awareness is often lacking. The low household income in rural areas favors people to adopt illegal trade in wildlife, and will be another major factor driving the killing of Chinese pangolins (Zhang et al. 2017) . Pangolin meat and products are very valuable; the selling price of pangolins or their scales was around US$ 216 per kilogram in the study areas with most trade being with to China (S. L. Magar, Laxmipur VDC, Ilam, pers. comm.). China is one of the main destinations for pangolin products (Cheng et al. 2017) . Even though pangolins are protected in Nepal under the National Park and Wildlife Conservation Act of 1973, their poaching is rampant partly due to the increasing price of pangolins in eastern Nepal (Thapa et al. 2014; Challender et al. 2015; Katuwal et al. 2015) . Thus, a public awareness program for pangolin conservation outside of protected areas is crucial.
Based on our findings, we make the following 2 major recommendations for Chinese pangolin conservation. First, public awareness workshops should be held for local people particularly to bring to their attention the issues of poaching, illegal trade, and reducing forest fire. Second, close husbandry practices for livestock should be encouraged to minimize habitat trampling and reduce the possibility of pangolins being killed by livestock guard dogs. The effects of fire on prey availability for pangolins also should be studied because frequent fire may affect the diversity and abundance of termite species (Traoré and Lepage 2008) . literature cited
